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Background:  There is little data on how ventricular shape and function changes when exposed to microgravity. The sphericity index is a measure 
of ventricular shape. As the heart becomes more spherical its ability to perform efficiently decreases. We analyzed pre- and in-flight data of 
cardiovascular shape in spaceflight in comparison with finite element modeling of the impact of gravity on cardiac shape.
Methods:  Twelve astronauts with vertical preflight (1g) and in-flight (microgravity) echocardiograms available were identified. Pre-flight echos were 
obtained approximately 3-4 months prior to launch using a Philips IE-33 (Andover, MA) echo machine. Microgravity echocardiograms were obtained 
at least two weeks after exposure to a microgravity environment. Astronauts received basic training on operating the echo machine, and live remote 
guidance from the study team was employed to direct astronauts aboard the International Space Station in obtaining optimal images. Prior to July 
2011, studies (6 subjects) were performed on a ATL HDI5000 (Bothel, WA) while those afterwards were obtained using a GE Vivid Q (Milwaukee, 
WI). SI was calculated. A finite element model was constructed using realistic fiber architecture and orthotropic tissue properties, and subjected to 
gravitational force from 0 to 1g with SI similarly calculated. Statistical analysis for significance was performed employing the two-tailed paired t-test.
results:  Studies from a total of 12 astronauts were available for analysis. The mean sphericity index from the vertical preflight (1g) 
echocardiograms was 2.01 which was significantly reduced to 1.82 in the microgravity environment (p = 0.0008). This 9.4% reduction in SI 
compared favorably to the 7.9% reduction predicted by the aforementioned finite element model.
conclusions:  The human heart becomes more spherical as it is exposed to a microgravity environment, a change predicted by mathematical 
modeling. The impact of this change on cardiac function in space will be addressed as part of the on-going study. Ultimately, we hope to identify 
effective countermeasures that astronauts can employ to prevent the untoward cardiovascular effects of long-duration space flight.
